EP 3 217 702 A1

Patent Office

Sy @y  EP 3217702 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(1 9) ’ e "llmlmllHH||m||‘||HHlHll‘Hl“‘llmll“ll“l“ll“‘"H‘mll‘
Patentamt
0 European

(43) Date of publication: (51 IntCl.:
13.09.2017 Bulletin 2017/37 HO4W 16/14 (2009.01) HO4W 2410 (2009.01)
HO4W 52/38 (2009:01) HO4W 72/04 (2009.01)
(21) Application number: 15857607.4 HO4W 88/06 (2009.01)
(22) Date of filing: 05.11.2015 (86) International application number:
PCT/JP2015/081128

(87) International publication number:
WO 2016/072443 (12.05.2016 Gazette 2016/19)

(84) Designated Contracting States: (72) Inventors:
AL AT BE BG CH CY CZDE DK EE ES FIFRGB ¢ TAKAHASHI, Hideaki
GRHRHUIEISITLILTLULVMC MKMT NL NO Tokyo 100-6150 (JP)
PL PT RO RS SE SI SK SM TR « ANDOU, Kei
Designated Extension States: Tokyo 100-6150 (JP)
BA ME ¢ UMEDA, Hiromasa
Designated Validation States: Tokyo 100-6150 (JP)
MA MD ¢ HAPSARI, Wuri Andarmawanti
Tokyo 100-6150 (JP)
(30) Priority: 07.11.2014 JP 2014227473 ¢ UCHINO, Tooru
28.01.2015 JP 2015014550 Tokyo 100-6150 (JP)
14.05.2015 JP 2015098863
14.08.2015 JP 2015160090 (74) Representative: Hoffmann Eitle
Patent- und Rechtsanwilte PartmbB
(71) Applicant: NTT DOCOMO, INC. ArabellastraRe 30
Chiyoda-ku 81925 Miinchen (DE)
Tokyo 100-6150 (JP)

(54) USER DEVICE, BASE STATION, AND UPLINK CARRIER AGGREGATION COMMUNICATION
METHOD

(57) One aspect of the present invention relates to
user equipment having an uplink carrier aggregation
function, comprising: a radio communication control unit FIG3

configured to control radio communication with a base

station; a radio positioning unit configured to perform a

radio positioning function based on a radio signal re- ,(100
ceived from a positioning system; and a radio positioning
state reporting unit configured to report, when uplink car- f 110
rier aggregation is configured, activation or deactivation
of the radio positioning function to the base station.

RADIO COMMUNICATION
CONTROL UNIT

f120

RADIO POSITIONING
UNIT

f130

RADIO POSITIONING
STATE REPORTING UNIT

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 217 702 A1 2

Description

TECHNICAL FIELD

[0001] The present invention relates to a radio com-
munication system.

BACKGROUND ART

[0002] In 3GPP (Third Generation Partnership
Project), it is designed to enhance LTE (Long Term Ev-
olution) systems and LTE-Advanced systems. Presently,
itis discussed to introduce uplink carrier aggregation (UL
CA) where the carrier aggregation technique is applied
to uplink communication. In the uplink carrier aggrega-
tion, user equipment (UE) uses multiple component car-
riers (CCs) simultaneously to transmit uplink signals to
a base station (evolved NodeB: eNB).

Prior Art Document

[Non-Patent Document]
[0003]

Non-Patent Document 1: 3GPP TS36.300 V12.3.0
(2014-09)

Non-Patent Document 2: 3GPP TS36.331 V12.3.0
(2014-09)

Non-Patent Document: 3GPP R4-148117

SUMMARY OF INVENTION

[PROBLEM TO BE SOLVED BY THE INVENTION]

[0004] Typically, user equipment such as a smart-
phone and a tablet performs radio communication with
GNSS (Global Navigation Satellite System) such as GPS
(Global Positioning System) or other radio systems dur-
ing communication with a base station. If the user equip-
ment transmits radio signals in multiple carriers simulta-
neously while uplink carrier aggregation is configured,
there are cases where inter-modulation distortion (IMD)
caused by the uplink carrier aggregation falls in a recep-
tion band of other radio communication systems such as
GNSS depending on combinations of carrier frequen-
cies. For example, when an 800 MHz band and a 1.7
GHz band are used simultaneously in the uplink carrier
aggregation, it is known that the fifth order inter-modula-
tion distortion (IMD 5) arises in aband of 1535-1615 MHz.
As illustrated in FIG. 1, since the occurrence area of the
IMD 5 overlaps with reception bands of various GNSS
signals, interference arises among devices in the user
equipment. As a result, the user equipment cannot re-
ceive the GNSS signals during execution of the uplink
carrier aggregation and accordingly cannot obtain posi-
tion information.

[0005] In order to overcome the problem, it is dis-
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cussed that base stations perform some control opera-
tions to prevent occurrence of the interference in cases
where user equipment activates a radio positioning func-
tion during execution of the uplink carrier aggregation.
For example, when the user equipment performs simul-
taneous transmission with multiple carriers, the base sta-
tion may schedule resource blocks such that the inter-
ference with the GNSS signals cannot arise and cause
the user equipment to transmit uplink data in the resource
blocks. Also, even if the uplink carrier aggregation is con-
figured, the base station may cause the user equipment
to transmit uplink data in only one carrier. Also, the base
station may delete configuration of the uplink carrier ag-
gregation. Also, the base station may change a second-
ary cell (SCell) into a deactivation state. Also, the base
station may cause the user equipment to reduce trans-
mission power by using an A-MPR (Additional-Maximum
Power Reduction) and so on, for example.

[0006] Meanwhile, in order to implement these control
operations, the base station has to recognize whether
the user equipment activates (ON) or deactivates (OFF)
the radio positioning function. In the conventional LTE
systems and LTE-Advanced systems, however, no so-
lution for the base station to recognize the activation/de-
activation of the radio positioning function at the user
equipment has been discussed. Also, control operations
to reduce transmission power of the user equipment only
in activation of the radio positioning function have not
been discussed.

[0007] In light of the above-stated problems, an object
of the present invention is to provide some techniques
for implementing radio positioning during uplink carrier
aggregation communication.

[MEANS FOR SOLVING THE PROBLEM]

[0008] Inordertoachieve the above object, one aspect
of the present invention relates to user equipment having
an uplink carrier aggregation function, comprising: a ra-
diocommunication control unit configured to control radio
communication with a base station; a radio positioning
unit configured to perform a radio positioning function
based on a radio signal received from a positioning sys-
tem; and a radio positioning state reporting unit config-
ured to report, when uplink carrier aggregation is config-
ured, activation or deactivation of the radio positioning
function to the base station.

[0009] Another aspect of the present invention relates
to a base station having an uplink carrier aggregation
function, comprising: a radio communication control unit
configured to control radio communication with user
equipment; and a radio positioning report control unit
configured to control a radio positioning report function
for the user equipment to report activation or deactivation
of a radio positioning function based on radio signals re-
ceived from a positioning system, wherein when a fre-
quency band resulting in interference with a radio signal
from the positioning system in uplink carrier aggregation
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is configured for the user equipment, the radio positioning
report control unit causes the user equipment to activate
the radio positioning report function.

[0010] Another aspect of the present invention relates
to an uplink carrier aggregation communication method
between user equipment and a base station, comprising:
configuring, by the base station, a frequency band result-
ing in interference with a radio signal from a positioning
system in uplink carrier aggregation; causing, by the base
station, the user equipment to activate a radio positioning
report function to report activation or deactivation of a
radio positioning function based on a radio signal re-
ceived from the positioning system; reporting, by the user
equipment, activation of the radio positioning function to
the base station; and controlling, by the base station,
radio communication with the user equipment to avoid
the interference.

[0011] Another aspect of the present invention relates
to user equipment having an uplink carrier aggregation
function, comprising: a radio communication control unit
configured to control radio communication with a base
station; and an interfered system information reporting
unit configured to report system information on an inter-
fered system incurring interference due to uplink carrier
aggregation to the base station.

[0012] Another aspect of the present invention relates
to user equipment having an uplink carrier aggregation
function, comprising: a radio communication control unit
configured to control radio communication with a base
station; and an interference cause indication unit config-
ured to indicate an uplink interference cause to the base
station.

[ADVANTAGE OF THE INVENTION]
[0013] Accordingtothe presentinvention, the radio po-
sitioning can be implemented during the uplink carrier

aggregation communication.

BRIEF DESCRIPTION OF DRAWINGS

[0014]

FIG. 1 is a diagram for illustrating interference with
UL CA inter-modulation distortion in a GNSS recep-
tion band;

FIG. 2Ais a schematic diagram for illustrating a radio
communication system according to one embodi-
ment of the present invention;

FIG. 2B is a block diagram for illustrating a hardware
arrangement of user equipment according to one
embodiment of the present invention;

FIG. 2C is a block diagram for illustrating a hardware
arrangement of a base station according to one em-
bodiment of the present invention;

FIG. 3 is a block diagram for illustrating a functional
arrangement of the user equipment according to one
embodiment of the present invention;
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FIG. 4 is a block diagram for illustrating a functional
arrangement of the base station according to one
embodiment of the present invention;

FIG.5is asequence diagram forillustrating an uplink
carrier aggregation communication operation ac-
cording to one embodiment of the present invention;
FIG. 6 is a diagram for illustrating a signaling data
structure according to one embodiment of the
present invention;

FIG. 7 is a diagram for illustrating a signaling data
structure according to one embodiment of the
present invention;

FIG. 8 is asequence diagram forillustrating an uplink
carrier aggregation communication operation ac-
cording to another embodiment of the present inven-
tion;

FIG. 9 is a diagram for illustrating a signaling data
structure according to one embodiment of the
present invention;

FIG. 10 is a diagram for illustrating a signaling data
structure according to one embodiment of the
present invention;

FIG. 11 is a sequence diagram for illustrating an up-
link carrier aggregation communication operation
according to another embodiment of the present in-
vention;

FIG. 12 is a diagram for illustrating a signaling data
structure according to one embodiment of the
present invention;

FIG. 13 is a block diagram for illustrating a functional
arrangement of the user equipment according to an-
other embodiment of the present invention;

FIG. 14 is a diagram for illustrating a signaling data
structure according to another embodiment of the
present invention;

FIG. 15 is a diagram for illustrating a signaling data
structure according to another embodiment of the
present invention;

FIG. 16 is a block diagram for illustrating a functional
arrangement of the user equipment according to an-
other embodiment of the present invention; and
FIG. 17 is a diagram for illustrating a signaling data
structure according to another embodiment of the
present invention.

EMBODIMENTS OF THE INVENTION

[0015] Embodiments of the present invention are de-
scribed below with reference to the drawings.

[0016] In embodiments as stated below, user equip-
ment and a base station having an uplink carrier aggre-
gation function are disclosed. Summarizing embodi-
ments as stated below, when the base station configures
for the user equipment a frequency band where interfer-
ence with positioning signals from a positioning system
may arise due to inter-modulation distortion caused by
uplink carrier aggregation, the base station configures
the user equipment to report activation or deactivation of
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a radio positioning function. When the radio positioning
report function is configured, the user equipment reports
activation of the radio positioning function to the base
station upon activating the radio positioning function. Up-
on receiving the report, the base station controls radio
communication with the user equipment so as to avoid
occurrence of the interference. For example, the base
station may cause the user equipment to reduce trans-
mission power so as to avoid the interference with posi-
tioning signals while the user equipment performs the
radio positioning in the configured uplink carrier aggre-
gation. As a result, the uplink carrier aggregation com-
munication and the radio positioning can be performed
simultaneously.

[0017] A radio communication system according to
one embodiment of the present invention is described
with reference to FIG. 2A. FIG. 2A is a schematic diagram
for illustrating a radio communication system according
to one embodiment of the present invention.

[0018] Asillustratedin FIG. 2A, a radio communication
system 10 has user equipment 100 and a base station
200. The radiocommunication system 10 supports uplink
carrier aggregation, and as illustrated, the user equip-
ment 100 can use multiple component carriers CC#1,
CC#2 simultaneously to transmitradio signals to the base
station 200. In the illustrated embodiment, the user equip-
ment 100 performs uplink carrier aggregation communi-
cation with the single base station 200, but the present
invention is not limited to it. For example, the user equip-
ment 100 may use component carriers served by multiple
base stations 200 simultaneously to perform simultane-
ous uplink transmissions to the multiple base stations
200. Also, in the illustrated embodiment, the only one
base station 200 is illustrated, but a large number of base
stations 200 are disposed to cover a service area of the
radio communication system 10.

[0019] The user equipment 100 has an uplink carrier
aggregation function to use multiple carriers served by
the base station 200 simultaneously to transmit radio sig-
nals to the base station 200. Also, the user equipment
100 has a communication function to wirelessly commu-
nicate with another radio communication system such as
a positioning system 300 (GNSS system).

[0020] Typically, asillustrated, the user equipment 100
may be any appropriate information processing device
with radio communication functions such as a smart-
phone, a mobile phone, a tablet, a mobile router and a
wearable terminal. As illustrated in FIG. 2B, the user
equipment 100 is arranged with a CPU (Central Process-
ing Unit) 101 such as a processor, a memory device 102
such as a RAM (Random Access Memory) and a flash
memory, afirstradiocommunication device 103 for trans-
mitting and receiving radio signals to/from the base sta-
tion 200, a second radio communication device 104 for
transmitting and receiving radio signals to/from other ra-
dio communication systems such as the positioning sys-
tem 300, and a user interface 105 such as an |I/O device
and a peripheral device. For example, functions and op-
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erations of the user equipment 100 as stated below may
be implemented by the CPU 101 processing and running
data and programs stored in the memory device 102.
However, the user equipment 100 is not limited to the
above-stated hardware arrangement and may be ar-
ranged with circuits for implementing one or more of op-
erations as stated below.

[0021] The base station 200 establishes a radio con-
nection to the user equipment 100 to transmit downlink
(DL) packets received from network devices, such as an
upper station and a server, communicatively connected
on a core network (not shown) to the user equipment 100
as well as transmit uplink (UL) packets received from the
user equipment 100 to the network devices. The base
station 200 has the uplink carrier aggregation function to
receive radio signals from the user equipment 100 via
multiple carriers simultaneously.

[0022] As illustrated in FIG. 2C, the base station 200
is typically arranged with hardware resources such as an
antenna 201 for transmitting and receiving radio signals
to/from the user equipment 100, a first communication
interface 202 (such as a X2 interface) for communicating
with adjacent base stations 200, a second communica-
tion interface 203 (such as a S1 interface) for communi-
cating with a core network, a processor 204 or a circuit
for processing transmission and reception signals for the
user equipment 100 and a memory device 205. Functions
and operations of the base station 200 as stated below
may be implemented by the processor 204 processing
or running data and programs stored in the memory de-
vice 205. However, the base station 200 is not limited to
the above-stated hardware arrangement and may have
any other appropriate hardware arrangement.

[0023] The positioning system 300 transmits a posi-
tioning signal to the user equipment 100. The positioning
system 300 is a GNSS system such as a GPS system,
aGlonass system, a Galileo system and a Beidou system
and uses several satellites to transmit positioning signals
tothe user equipment 100 in respective frequency bands.
As stated above with reference to FIG. 1, if a combination
of a 800 MHz band and a 1.7 GHz band is used in the
uplink carrier aggregation, it is known that an occurrence
area of inter-modulation distortion caused by the combi-
nation overlaps with the frequency band of radio signals
from the positioning system 300, and the user equipment
100 cannot receive the positioning signals appropriately
during execution of the uplink carrier aggregation using
the combination.

[0024] Embodiments as set forth are focused on cases
where the frequency band overlapping with the occur-
rence area of the inter-modulation distortion caused by
the uplink carrier aggregation corresponds to a reception
band of radio signals from the positioning system 300.
However, the present invention is not limited to the po-
sitioning system 300 and may be applied to any other
radio communication system using a frequency band in-
terfered with due to uplink transmission from the user
equipment 100.
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[0025] Next, user equipment according to one embod-
iment of the present invention is described with reference
to FIG. 3. FIG. 3 is a block diagram for illustrating a func-
tional arrangement of the user equipment according to
one embodiment of the present invention.

[0026] As illustrated in FIG. 3, the user equipment 100
has a radio communication control unit 110, a radio po-
sitioning unit 120 and a radio positioning state reporting
unit 130.

[0027] The radio communication control unit 110 con-
trols radio communication with the base station 200. Spe-
cifically, the radio communication control unit 110 trans-
mits and receives various radio channels, such as up-
link/downlink control channels and uplink/downlink data
channels, to/from the base station 200 and uses multiple
carriers served by the base station 200 simultaneously
to perform uplink carrier aggregation to transmit radio
signals to the base station 200.

[0028] The radio positioning unit 120 performs a radio
positioning function based on a radio signal received from
the positioning system 300. The radio positioning func-
tion measures position of the user equipment 100 based
on positioning signals received from the positioning sys-
tem 300. Upon activating the radio positioning function,
the radio positioning unit 120 receives positioning signals
transmitted from the positioning system 300 and identi-
fies the position of the user equipment 100 based on the
received positioning signals. Typically, the radio position-
ing unit 120 receives positioning signals transmitted from
multiple satellites and identifies the position of the user
equipment 100 from the received multiple positioning sig-
nals based on some well-known positioning algorithm.
Typically, the radio positioning unit 120 is activated in
response to an activation request from an application (for
example, applications providing position related informa-
tion such as a map application) used by the user.
[0029] The radio positioning state reporting unit 130
reports, when the uplink carrier aggregation is config-
ured, activation or deactivation of the radio positioning
function to the base station 200. Specifically, when the
radio positioning unit 120 activates and/or deactivates
the radio positioning function while the uplink carrier ag-
gregation is configured for the user equipment 100, the
radio positioning state reporting unit 130 indicates to the
base station 200 that the radio positioning function has
been activated and/or deactivated.

[0030] In one embodiment, the radio positioning state
reporting unit 130 may be activated or deactivated in ac-
cordance with an instruction from the base station 200.
Specifically, the base station 200 instructs the user equip-
ment 100 to report activation and/or deactivation of the
radio positioning function, and only if the report instruc-
tion is received, the radio positioning state reporting unit
130 may report activation and/or deactivation of the radio
positioning function to the base station 200. As a result,
only if carriers resulting in interference with a positioning
signal from the positioning system 300 during execution
of uplink carrier aggregation are configured for the user
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equipment 100, the base station 200 can cause the user
equipment 100 to report activation and/or deactivation of
the radio positioning function. In other words, in the case
where the carriers resulting in interference with a posi-
tioning signal is not configured for the user equipment
100 even during execution of the uplink carrier aggrega-
tion, the base station 200 can avoid receiving unneces-
sary reports of activation and/or deactivation of the radio
positioning function. Also, ifthe uplink carrier aggregation
configured for the user equipment 100 is deleted, the
base station 200 may stop causing the user equipment
100 to report activation and/or deactivation of the radio
positioning function.

[0031] Upon receiving the report of activation and/or
deactivation of the radio positioning function, the base
station 200 can control radio communication with the user
equipment 100 to avoid the interference. For example,
while the user equipment 100 activates the radio posi-
tioning function, the base station 200 may schedule re-
source blocks, that do not result in interference with po-
sitioning signals, for the user equipment 100 in the uplink
carrier aggregation and cause the user equipment 100
to transmit uplink data in the resource blocks. Also, even
if the uplink carrier aggregation is configured, during ac-
tivation of the radio positioning function at the user equip-
ment 100, the base station 200 may cause the user equip-
ment 100 to transmit uplink data by using only one carrier,
delete the configured uplink carrier aggregation or deac-
tivate a secondary cell (SCell).

[0032] Inone embodiment, in response to reception of
an instruction to reduce transmission power on behalf of
the radio positioning function from the base station 200,
the radio communication control unit 110 may reduce the
transmission power during activation of the radio posi-
tioning function and perform uplink carrier aggregation
communication with the base station 200. In order to re-
duce interference with positioning signals from the posi-
tioning system 300 due to inter-modulation distortion
caused during execution of the uplink carrier aggrega-
tion, the radio communication control unit 110 may apply
the transmission power reduction specified by the base
station 200 to uplink communication. In LTE specifica-
tions, the base station 200 may specify the maximum
transmission power to be reduced by the user equipment
100 by means of an A-MPR (Additional Maximum Power
Reduction) parameter during activation of the radio po-
sitioning function in the configured uplink carrier aggre-
gation. Then, when the radio positioning function is acti-
vated in the configured uplink carrier aggregation, the
radio communication control unit 110 reduces the max-
imum transmission power by a power amount specified
by the A-MPR during execution of the radio positioning.
[0033] In one embodiment, the radio positioning state
reporting unit 130 may further report the positioning sys-
tem 300, a center reception frequency of the positioning
system 300 and a reception bandwidth of the positioning
system 300 to the base station 200. In other words, when
the radio positioning unit 120 activates or deactivates the
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radio positioning function, the radio positioning state re-
porting unit 130 may report the type, the center reception
frequency and the reception bandwidth of the positioning
system 300 used by the user equipment 100 together
with the activation or deactivation of the radio positioning
function. As stated above, the user equipment 100 can
use various types of positioning systems 300 such as
GPS, and the respective positioning systems 300 use
their specific frequency bands. The respective user
equipments 100 typically use only a portion of the fre-
quency band of the positioning system 300 instead of the
whole frequency band. From this reason, the radio posi-
tioning state reporting unit 130 may report the type, the
center reception frequency and the reception bandwidth
of the utilized positioning system 300 to the base station
200 together with the activation or deactivation of the
radio positioning function. As a result, the base station
200 can know details of the frequency band used by the
user equipment 100 to receive positioning signals and
accordingly can control radio communication with the us-
er equipment 100 more appropriately to avoid the inter-
ference.

[0034] Next, the base station according to one embod-
iment of the present invention is described with reference
to FIG. 4. FIG. 4 is a block diagram for illustrating a func-
tional arrangement of the base station according to one
embodiment of the present invention.

[0035] Asillustratedin FIG. 4, the base station 200 has
a radio communication control unit 210 and a radio po-
sitioning report control unit 220.

[0036] The radio communication control unit 210 con-
trols radio communication with the user equipment 100.
Specifically, the radio communication control unit 210
transmits and receives various control and data signals
to/from the user equipment 100 as well as receives radio
signals from the user equipment 100 via multiple carriers
in configured uplink carrier aggregation.

[0037] The radio positioning report control unit 220
controls a radio positioning report function for the user
equipment 100 to report activation or deactivation of the
radio positioning function based on radio signals received
from the positioning system 300. When a frequency band
resulting in interference with radio signals from the posi-
tioning system 300 is configured for the user equipment
100in the uplink carrier aggregation, the radio positioning
report control unit 220 causes the user equipment 100
to activate the radio positioning report function. In other
words, the user equipment 100 has the radio positioning
report function to report activation and/or deactivation of
the above-stated radio positioning function to the base
station 200, and the radio positioning report control unit
220 controls the activation and/or deactivation of the ra-
dio positioning report function. When the radio position-
ing report control unit 220 causes the user equipment
100 to activate the radio positioning report function, the
user equipment 100 reports the activation and/or deac-
tivation of the radio positioning function to the base sta-
tion 200. On the other hand, when the radio positioning
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report control unit 220 causes the user equipment 110
to deactivate the radio positioning report function, the
user equipment 100 stops reporting the activation and/or
deactivation of the radio positioning function. When a fre-
quency bandresulting ininterference with positioning sig-
nals is configured for the user equipment 100 in uplink
carrier aggregation, the radio positioning report control
unit 220 causes the user equipment 100 to activate the
radio positioning report function, and when the radio po-
sitioning function is activated and/or deactivated during
activation of the radio positioning report function, the ra-
dio positioning report control unit 220 causes the user
equipment 100 to report activation and/or deactivation of
the radio positioning function.

[0038] In one embodiment, upon receiving an activa-
tion report of the radio positioning function from the user
equipment 100, the radio communication control unit210
may control radio communication with the user equip-
ment 100 to avoid the interference. Specifically, while the
user equipment 100 activates the radio positioning func-
tion, the radio communication control unit 210 may
schedule resource blocks, where the interference with
positioning signals cannot arise, for the user equipment
100 in the uplink carrier aggregation and cause the user
equipment 100 to transmit uplink data by using the re-
source blocks. Also, even if the uplink carrier aggregation
is configured, during activation of the radio positioning
function at the user equipment 100, the radio communi-
cation control unit 210 may cause the user equipment
100 to transmit uplink data by using only one carrier, de-
lete the configured uplink carrier aggregation or deacti-
vate a secondary cell (SCell).

[0039] In one embodiment, the radio communication
control unit 210 may indicate transmission power to be
reduced during activation of the radio positioning function
to the user equipment 100. In LTE specifications, the
radio communication control unit210 may use an A-MPR
parameter to indicate the maximum transmission power
to be reduced under the case where the user equipment
100 activating the radio positioning function in the con-
figured uplink carrier aggregation transmits uplink data
in more than or equal to a number of resource blocks
specified in the specification. At this time, when the user
equipment 100 activates the radio positioning function in
the configured uplink carrier aggregation, the user equip-
ment 100 reduces the maximum transmission power by
a power amount specified by the A-MPR under the case
where the uplink data is transmitted in more than or equal
to the number of resource blocks.

[0040] In one embodiment, when the uplink carrier ag-
gregation configured for the user equipment 100 is de-
leted or the configured frequency band resulting in the
interference is deleted, the radio positioning report con-
trol unit 220 may cause the user equipment 100 to de-
activate the radio positioning report function. In other
words, when the uplink carrier aggregation configured
for the user equipment 100 is deleted or when the con-
figured frequency band resulting in the interference is



11 EP 3 217 702 A1 12

deleted, the radio positioning report control unit 220 may
cause the user equipment 100 to deactivate the radio
positioning report function so as to stop unnecessary ra-
dio positioning reports from the user equipment 100. In
other words, if the frequency band resulting in the inter-
ference with positioning signals is not configured for the
user equipment 100 in the uplink carrier aggregation, the
radio positioning report control unit 220 does not cause
the user equipment 100 to activate the radio positioning
report function. As a result, if no interference arises due
to inter-modulation distortion in the uplink carrier aggre-
gation, unnecessary radio positioning reports from the
user equipment 100 can be stopped.

[0041] Next, an uplink carrier aggregation communi-
cation operation according to one embodiment of the
present invention is described with reference to FIGS.
5-7.FIG. 5is asequencediagram forillustrating an uplink
carrier aggregation communication operation according
to one embodiment of the present invention. The uplink
carrier aggregation communication operation is de-
scribed in conjunction with LTE specifications. The illus-
trated uplink carrier aggregation communication opera-
tion is based on a certain release in the LTE specifica-
tions, butthe presentinventionis notlimited to the release
and may be applied to any other release using the uplink
carrier aggregation such as subsequent releases.
[0042] As illustratedin FIG. 5, at step S101, a connec-
tion operation is performed between the user equipment
100 and the base station 200, and user capability indi-
cating that the user equipment 100 supports an uplink
carrier aggregation function is indicated to the base sta-
tion 200. Note that if the connection between the user
equipment 100 and the base station 200 has been al-
ready established and the base station 200 has already
obtained the user capability for the user equipment 100,
step S101 may be omitted.

[0043] At step S102, the base station 200 configures
a frequency band resulting in interference with radio sig-
nals from the positioning system 300 for the user equip-
ment 100 in the uplink carrier aggregation and causes
the user equipment 100 to activate the radio positioning
report function to report activation or deactivation of the
radio positioning function based on radio signals received
from the positioning system 300. Specifically, the base
station 200 may configure the uplink carrier aggregation
by transmitting a RRC (Radio Resource Control) Con-
nection Reconfiguration to the user equipment 100 and
cause the user equipment 100 to activate the radio po-
sitioning report function (idc-ForGNSS) to report activa-
tion and/or deactivation of the radio positioning function
in aninformation elementindicated to the user equipment
100 as illustrated in FIG. 6 (idc-ForGNSS=true).

[0044] Atstep S103, upon activating the radio position-
ing function (GNSS on), the user equipment 100 reports
the activation of the radio positioning function to the base
station 200 and performs uplink transmission. In one em-
bodiment, the user equipment 100 may further report the
positioning system 300, the center reception frequency
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of the positioning system 300 and the reception band-
width of the positioning system 300 to the base station
200. For example, the user equipment 100 may indicate
the activation of the radio positioning function (gNSS-
ReceiverActivation-r11=true), the type (gNSS-Type-
r11), the center reception frequency (recvFreg-r11) and
the reception bandwidth (channelBW-r11) of the posi-
tioning system 300 utilized by the user equipment 100 in
amessage "GNSS-Info-r11" as illustrated in FIG. 7 to the
base station 200. According to an example as illustrated
in FIG. 5, the user equipment 100 uses these parameters
to indicate "gNSS-ReceiverActivation-r11=true", "gNSS-
Type-r11=GPS", "recvFreg-r11=1570" and "channel-
BW-r11=20" to the base station 200.

[0045] Upon receiving the report, the base station 200
controls radio communication with the user equipment
100 to avoid interference as stated above. For example,
while the user equipment 100 activates the radio posi-
tioning function, the base station 200 may schedule re-
source blocks, where no interference with positioning sig-
nals can arise, for the user equipment 100 in uplink carrier
aggregation and cause the user equipment 100 to trans-
mit uplink data in the resource blocks. Also, even if the
uplink carrier aggregation is configured, during activation
of the radio positioning function at the user equipment
100, the base station 200 may cause the user equipment
100 to transmit uplink data by using only one carrier, de-
lete the configured uplink carrier aggregation or deacti-
vate a secondary cell (SCell).

[0046] At step S104, upon deactivating the radio posi-
tioning function (GNSS off), the user equipment 100 re-
ports the deactivation of the radio positioning function to
the base station 200. In one embodiment, the user equip-
ment 100 may further report the positioning system 300,
the center reception frequency of the positioning system
300 and the reception bandwidth of the positioning sys-
tem 300 to the base station 200.

[0047] Then, atstep S105, the base station 200 deletes
the configured uplink carrier aggregation and causes the
user equipment 100 to deactivate the radio positioning
report function. For example, the base station 200 may
cause the user equipment 100 to deactivate the radio
positioning report function by setting ‘“idc-
ForGNSS=false" in the information element indicated to
the user equipment 100 as illustrated in FIG. 6.

[0048] Next, an uplink carrier aggregation communi-
cation operation according to another embodiment of the
present invention is described with reference to FIGS.
8-10. FIG. 8 is a sequence diagram for illustrating an
uplink carrier aggregation communication operation ac-
cording to another embodiment of the present invention.
This uplink carrier aggregation communication operation
relates to an embodiment where transmission power is
reduced in accordance with the A-MPR during activation
of the radio positioning function in uplink carrier aggre-
gation if uplink data is transmitted in more than or equal
to a number of resource blocks and is described in con-
junction with LTE specifications. The illustrated uplink
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carrier aggregation communication operation is based
on a certain release in the LTE specifications, but the
present invention is not limited to the release and may
be applied to any other releases using uplink carrier ag-
gregation such as subsequent releases.

[0049] As illustrated in FIG. 8, at step S201, a connec-
tion operation is performed between the user equipment
100 and the base station 200, and user capability indi-
cating that the user equipment 100 supports an uplink
carrier aggregation function is indicated to the base sta-
tion 200. Here, if the connection between the user equip-
ment 100 and the base station 200 has been already
established and the base station 200 has already ob-
tained the user capability for the user equipment 100,
step S201 may be omitted.

[0050] At step S202, the base station 200 configures
a frequency band resulting in interference with radio sig-
nals from the positioning system 300 for the user equip-
ment 100 in the uplink carrier aggregation and causes
the user equipment 100 to activate the radio positioning
report function to report activation or deactivation of the
radio positioning function based on radio signals received
from the positioning system 300. Specifically, the base
station 200 may configure the uplink carrier aggregation
by transmitting a RRC Connection Reconfiguration to the
user equipment 100 and cause the user equipment 100
to activate the radio positioning report function (idc-
ForGNSS) to report the activation and/or deactivation of
the radio positioning function (idc-ForGNSS=true). In ad-
dition, the base station 200 indicates an A-MPR for the
user equipment 100 to reduce transmission power during
activation of the radio positioning function in the uplink
carrier aggregation. In one embodiment, the base station
200 may indicate the transmission power to be separately
reduced for a primary cell and a secondary cell in the
uplink carrier aggregation. For example, the base station
200 may indicate the A-MPR for the primary cell (PCell)
in the uplink carrier aggregation with the information el-
ement "additionalSpectrumEmissionPcell2-r12" as illus-
trated in FIG. 9. Also, the base station 200 may indicate
the A-MPR for the secondary cell (SCell) in the uplink
carrier aggregation with the information element
"additionalSpectrumEmissionScell2-r12" as illustrated in
FIG. 10.

[0051] Atstep S203, upon activating the radio position-
ing function (GNSS on), the user equipment 100 reports
the activation of the radio positioning function to the base
station 200 and if uplink data is transmitted in more than
or equal to the number of resource blocks in accordance
with an instruction from the base station 200, performs
the uplink transmission at the reduced transmission pow-
er. In one embodiment, the user equipment 100 may fur-
ther report the positioning system 300, the center recep-
tion frequency of the positioning system 300 and the re-
ception bandwidth of the positioning system 300 to the
base station 200.

[0052] Upon receiving the report, the base station 200
controls radio communication with the user equipment
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100 to avoid interference as stated above. For example,
while the user equipment 100 activates the radio posi-
tioning function, the base station 200 may schedule re-
source blocks, where interference with positioning sig-
nals cannot arise, for the user equipment 100 in the uplink
carrier aggregation and cause the user equipment 100
to transmit uplink data in the resource blocks. Also, even
if the uplink carrier aggregation is configured, during ac-
tivation of the radio positioning function at the user equip-
ment 100, the base station 200 may transmit uplink data
to the user equipment 100 by using only one carrier, de-
lete the configured uplink carrier aggregation or deacti-
vate a secondary cell (SCell).

[0053] At step S204, upon deactivating the radio posi-
tioning function (GNSS off), the user equipment 100 re-
ports the deactivation of the radio positioning function to
the base station 200. In one embodiment, the user equip-
ment 100 may further report the positioning system 300,
the center reception frequency of the positioning system
300 and the reception bandwidth of the positioning sys-
tem 300 to the base station 200.

[0054] Then, atstep S205, the base station 200 deletes
the configured uplink carrier aggregation and causes the
user equipment 100 to deactivate the radio positioning
report function. For example, the base station 200 may
cause the user equipment 100 to deactivate the radio
positioning report function by setting ‘“idc-
ForGNSS=false" in the information element indicated to
the user equipment 100 as illustrated in FIG. 6. In addi-
tion, the base station 200 indicates deletion of the A-MPR
for the user equipment 100 to reduce transmission power
during activation of the radio positioning function in the
uplink carrier aggregation.

[0055] In the above-stated embodiments, the uplink
carrier aggregation communication operation to avoid
positioning signals incurring interference due to inter-
modulation distortion caused by the uplink carrier aggre-
gation has been described. However, the present inven-
tion is not limited to the interference with the positioning
signals and can be applied to any other communication
system where interference is incurred due to the inter-
modulation distortion caused by the uplink carrier aggre-
gation.

[0056] Next, an uplink carrier aggregation communi-
cation operation according to another embodiment of the
present invention is described with reference to FIGS.
11-12. FIG. 11 is a sequence diagram for illustrating an
uplink carrier aggregation communication operation ac-
cording to another embodiment of the present invention.
This uplink carrier aggregation communication operation
relates to an embodiment where the base station 200
controls autonomous operations for the user equipment
100 to ensure activation of the radio positioning function
in an emergency call and is described in conjunction with
LTE specifications. The illustrated uplink carrier aggre-
gation communication operation is based on a certain
release of the LTE specifications, but the present inven-
tion is not limited to the release and may be applied to
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any other release using the uplink carrier aggregation
such as subsequent releases.

[0057] Incaseswhere anemergency callis transmitted
to alert to an emergency response organization such as
a police station and a fire station, an emergency calling
position indication function is provided to automatically
obtain positon information on the transmitting location
and indicate the obtained position information to the des-
tination. In order to protect the emergency calling position
indication function, it is discussed in the LTE specifica-
tions that the base station 200 does not assign resources
in multiple uplink component carriers for the user equip-
ment 100 making an emergency call (3GPP R4-148117).
If the base station 200 has supposedly assigned resourc-
es in the multiple uplink component carriers for the user
equipment 100 presently transmitting an emergency call,
the user equipment 100 is enabled to stop uplink trans-
mission for a secondary cell autonomously. However, if
the user equipment 100 has autonomously stopped the
uplink transmission for the secondary cell in this manner,
the base station 200 cannot know this autonomous op-
eration promptly and accordingly is likely to assign un-
necessary uplink resources for the user equipment 100.
From this reason, according to this embodiment, the base
station 200 is enabled to control the autonomous oper-
ation at the user equipment 100.

[0058] As illustrated in FIG. 11, at step S301, a con-
nection operation is performed between the user equip-
ment 100 and the base station 200, and user capability
indicating that the user equipment 100 supports an uplink
carrier aggregation function is indicated to the base sta-
tion 200. In this embodiment, the radio communication
control unit 110 in the user equipment 100 has an auton-
omous transmission stop function to stop, if uplink re-
sources are assigned in multiple component carriers, up-
link transmission for the secondary cell during transmis-
sion of an emergency call and can activate the autono-
mous transmission stop function in accordance with an
activation permission from the base station 200. Here, if
the connection between the user equipment 100 and the
base station 200 has been already established and the
base station 200 has already obtained the user capability
for the user equipment 100, step S301 may be omitted.
[0059] At step S302, the base station 200 configures
a frequency band resulting in interference with radio sig-
nals from the positioning system 300 for the user equip-
ment 100 in uplink carrier aggregation and causes the
user equipment 100 to activate the radio positioning re-
port function to report activation or deactivation of the
radio positioning function based on radio signals received
from the positioning system 300. In addition, if uplink re-
sources are assigned in multiple component carriers, the
base station 200 uses the radio positioning report control
unit 220 to permit the user equipment 100 to activate the
autonomous transmission stop function to stop uplink
transmission for the secondary cell during transmission
of an emergency call. Specifically, the base station 200
configures uplink carrier aggregation by transmitting a
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RRC Connection Reconfiguration to the user equipment
100 and indicates an activation instruction (idc-
ForGNSS=true) of the radio positioning report function
to report activation and/or deactivation of the radio posi-
tioning function and an activation permission
(autonomousDenialSCel1=setup) of the autonomous
transmission stop function to the user equipment 100.
[0060] Atstep S303, the user equipment 100 transmits
an emergency call to an emergency response organiza-
tion such as a police station and a fire station.

[0061] At step S304, the base station 200 assigns re-
sources in multiple uplink component carriers for the user
equipment 100.

[0062] Atstep S305, the user equipment 100 activates
the autonomous transmission stop function in accord-
ance with an activation permission (autonomousDeni-
alSCell=setup) of the autonomous transmission stop
function indicated from the base station 200 at step S302
and stops the uplink transmission for the secondary cell
assigned at step S303.

[0063] Accordingtothe above-stated embodiment, the
base station 200 can control activation of the autono-
mous transmission stop function by the user equipment
presently transmitting an emergency call and know op-
erations assumed for the user equipment 100, which can
avoid assigning unnecessary uplink resources for the us-
er equipment 100 presently transmitting an emergency
call.

[0064] Next, the user equipment according to another
embodiment of the present invention is described with
reference to FIGS. 13-15. In the above-stated embodi-
ments, a reception band of radio signals from the posi-
tioning system 300 is focused on as a frequency band
overlapping with an occurrence area of inter-modulation
distortion due to uplink carrier aggregation. However, the
present invention is not limited to the positioning system
300 and may be applied to any other radio communica-
tion system using a frequency band interfered with due
to uplink transmission from the user equipment 100. For
example, a radio communication system (such as a Wi-
Fi and Bluetooth (registered trademark)) using an unli-
censed band such as 2 . 4 GHz and 5 GHz may be con-
sidered as aninterfered system 400 (not shown) incurring
such interference. In this embodiment, the interfered sys-
tem 400 incurring interference due to uplink carrier ag-
gregation is focused on.

[0065] FIG. 13is ablock diagram for illustrating a func-
tional arrangement of the user equipment according to
another embodiment of the present invention. As illus-
trated in FIG. 13, the user equipment 100A has a radio
communication control unit 110A and an interfered sys-
tem information reporting unit 140A.

[0066] Theradiocommunicationcontrolunit110A con-
trols radio communication with the base station 200. Spe-
cifically, similar to the radio communication control unit
110, the radio communication control unit 110A transmits
and receives various radio channels such as up-
link/downlink control channels and uplink/downlink data
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channels to/from the base station 200 and uses multiple
carriers served by the base station 200 simultaneously
to perform uplink carrier aggregation for transmitting ra-
dio signals to the base station 200.

[0067] Theinterfered system information reporting unit
140Areports system information on the interfered system
400 incurring interference due to uplink carrier aggrega-
tionto the base station 200. For example, the user equip-
ment 100A can wirelessly communicate with not only the
base station 200 but also the interfered system 400, such
as Wi-Fi and Bluetooth (registered trademark), using an
unlicensed band incurring interference due to uplink car-
rier aggregation. In response to starting or stopping radio
communication with the interfered system 400 in the con-
figured uplink carrier aggregation, the interfered system
information reporting unit 140A reports the start and/or
stop of the radio communication to the base station 200.
[0068] In one embodiment, the system information
may include a center frequency and a reception band-
width of the interfered system 400. The user equipment
100A can use various interfered systems 400 such as
Wi-Fi and Bluetooth (registered trademark), and the in-
terfered system information reporting unit 140A indicates
the center frequency and the reception bandwidth of the
interfered system 400 to the base station 200. Upon re-
ceiving the center frequency and the reception bandwidth
of the interfered system 400 from the user equipment
100A, the base station 200 can know details of a band
(such as an unlicensed band) for use in radio communi-
cation between the user equipment 100A and the inter-
fered system 400 and control the radio communication
with the user equipment 100A more appropriately to
avoid interference. For example, the interfered system
information reporting unit 140A may use a signaling data
structure as illustrated in FIG. 14 to indicate system in-
formation "VictimSystemInfo" indicative of the center fre-
quency "recvFreq" and the reception bandwidth "chan-
nelBW" of the interfered system 400 to the base station
200. If multiple interfered systems 400 are present, the
interfered system information reporting unit 140A may
report respective system information of these interfered
systems 400 to the base station 200.

[0069] Inoneembodiment, the interfered system infor-
mation reporting unit 140A may be activated or deacti-
vated in accordance with an instruction from the base
station 200. Specifically, the base station 200 instructs
the user equipment 100A to report start and/or stop of
radio communication with the interfered system 400, and
only if the report instruction is received, the interfered
system information reporting unit 140A may report start
and/or stop of the radio communication with the interfered
system 400. As a result, only if a carrier resulting in in-
terference in the radio communication with the interfered
system 400 during execution of uplink carrier aggregation
is configured for the user equipment 100A, the base sta-
tion 200 can cause the user equipment 100A to report
start and/or stop of the radio communication with the in-
terfered system 400. In other words, if the carrier resulting
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in interference with the interfered system 400 is not con-
figured for the user equipment 100A even in execution
of the uplink carrier aggregation, the base station 200
can avoid receiving unnecessary reports of start and/or
stop of the radio communication with the interfered sys-
tem 400. For example, when the uplink carrier aggrega-
tion is configured, the base station 200 may use a sign-
aling data structure as illustrated in FIG. 15 to instruct
the user equipment 100A to transmit an intra-device co-
existence indication "InDeviceCoexIndication" including
the system information "VictimSystemInfo" of the inter-
fered system 400 to the base station 200. According to
the illustrated signaling data structure, when "idc-ForUL
CA" is set to "TRUE", in response to the uplink carrier
aggregation being configured, the interfered system in-
formation reporting unit 140A may transmit the intra-de-
vice coexistence indication "InDeviceCoexIndication" in-
cluding the system information "VictimSystemInfo" of the
interfered system 400 to the base station 200. Also, if the
uplink carrier aggregation configured for the user equip-
ment 100A is deleted, the base station 200 may cause
the user equipment 100A to report start and/or stop the
radio communication with the interfered system 400.
[0070] Upon receiving reports of start and/or stop of
the radio communication with the interfered system 400,
the base station 200 can control the radio communication
with the user equipment 100A to avoid interference. For
example, while the user equipment 100A activates radio
communication with the interfered system 400, the base
station 200 may schedule resource blocks, where no in-
terference with the interfered system 400 can arise, for
the user equipment 100Ain the uplink carrier aggregation
and cause the user equipment 100A to transmit uplink
datain the resource blocks. Also, even ifthe uplink carrier
aggregation is configured, during activation of the radio
communication with the interfered system 400 at the user
equipment 100A, the base station 200 may cause the
user equipment 100A to transmit uplink data by using
only one carrier, delete the configured uplink carrier ag-
gregation or deactivate a secondary cell (SCell).

[0071] In one embodiment, upon receiving an instruc-
tion to reduce transmission power on behalf of radio com-
munication with the interfered system 400 from the base
station 200, the radio communication control unit 110A
may reduce the transmission power during activation of
the radio communication with the interfered system 400
and perform uplink carrier aggregation communication
with the base station 200. In order to reduce interference
with the interfered system 400 due to inter-modulation
distortion caused during execution of the uplink carrier
aggregation, the radio communication control unit 110A
may apply transmission power reduction indicated from
the base station 200 to the uplink communication. In the
LTE specifications, the base station 200 may use the A-
PMR parameter to indicate the maximum transmission
power to be reduced by the user equipment 100A during
activation of the radio communication with the interfered
system 400 in the configured uplink carrier aggregation.
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Atthistime, upon activating the radio communication with
the interfered system 400 in the configured uplink carrier
aggregation, the radio communication control unit 110A
reduces the maximum transmission power by a power
amount specified by the A-MPR during execution of the
radio communication.

[0072] Next, the user equipment according to another
embodiment of the present invention is described with
reference to FIGS. 16-17. In the above-stated embodi-
ments, the system information on one or more interfered
systems 400 incurring interference due to uplink carrier
aggregation is reported to the base station 200 so as to
avoid uplink interference. On the other hand, the uplink
interference is not limited to the above-stated inter-mod-
ulation distortion (IMD) caused due to the uplink carrier
aggregation and may also arise due to other causes such
as a harmonic component for single-carrier uplink trans-
mission. From this reason, by indicating the interference
causes to the base station 200, the base station 200 can
address the uplink interference appropriately.

[0073] FIG. 16is a block diagram for illustrating a func-
tional arrangement of the user equipment according to
another embodiment of the present invention. As illus-
trated in FIG. 16, the user equipment 100B has a radio
communication control unit 110B and an interference
cause indication unit 120B.

[0074] Theradiocommunication controlunit110B con-
trols radio communication with the base station 200. Spe-
cifically, similar to the radio communication control units
110and 110A, the radio communication control unit 110B
transmits and receives various radio channels such as
uplink/downlink control channels and uplink/downlink da-
ta channels to/from the base station 200 and uses mul-
tiple carriers served by the base station 200 simultane-
ously to perform uplink carrier aggregation for transmit-
ting radio signals to the base station 200. Also, the radio
communication control unit 110B supports uplink trans-
mission in accordance with a single carrier scheme. In
the single-carrier uplink transmission, it is known that a
harmonic component causes interference.

[0075] The interference cause indication unit 120B in-
dicates an uplink interference cause to the base station
200. In one embodiment, the uplink interference cause
may be inter-modulation distortion caused by uplink car-
rier aggregation or a harmonic of single-carrier uplink
transmission. For example, if uplink interference is
caused due to inter-modulation distortion arising in the
uplink carrier aggregation, the interference cause indica-
tion unit 120B indicates to the base station 200 that the
interference cause is the inter-modulation distortion
(IMD) caused due to the uplink carrier aggregation. On
the other hand, if the uplink interference is caused due
to a harmonic component in the single-carrier uplink
transmission, the interference cause indication unit 120B
indicates to the base station 200 that the interference
cause is the harmonic component in the single-carrier
uplink transmission.

[0076] Specifically, as illustrated in FIG. 17, the inter-
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ference cause indication unit 120B may indicate the in-
terference cause in the information element "interfer-
enceCauseUL" in the intra-device coexistence indication
"InDeviceCoexIndication". For example, if the interfer-
ence cause is the inter-modulation distortion caused due
to the uplink carrier aggregation, the interference cause
indication unit 120B may set the value of "interference-
CauseUL" to "imd" and indicate "InDeviceCoexIndica-
tion" to the base station 200. Also, if the interference
cause is the harmonic component of the single-carrier
uplink transmission, the interference cause indication
unit 120B may set the value of "interferenceCauseUL"
to "harmonics" and indicate "InDeviceCoexIndication" to
the base station 200. Note that the uplink interference
cause is not limited to them, and any other cause may
be indicated to the base station 200.

[0077] Although the embodiments of the present in-
vention have been described in detail, the present inven-
tion is not limited to the above-stated specific embodi-
ments, and various modifications and variations can be
made within the spirit of the present invention as recited
in claims.

[0078] Thisinternational patent applicationis based on
and claims benefits of priority of Japanese Priority Appli-
cations No. 2014-22747 3 filed on November 7, 2014, No.
2015-014550 filed on January 28, 2015, No.
2015-098863 filed on May 14, 2015 and No.
2015-160090 filed on August 14, 2015, the entire con-
tents of which are hereby incorporated by reference.

LIST OF REFERENCE SYMBOLS

[0079]

10: radio communication system
100, 100A, 100B: user equipment

200: base station

300: positioning system

400: interfered system

Claims

1. Userequipment having an uplink carrier aggregation
function, comprising:

a radio communication control unit configured
to control radio communication with a base sta-
tion;

a radio positioning unit configured to perform a
radio positioning function based on a radio sig-
nal received from a positioning system; and

a radio positioning state reporting unit config-
ured to report, when uplink carrier aggregation
is configured, activation or deactivation of the
radio positioning function to the base station.

2. The user equipment as claimed in claim 1, wherein
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the radio positioning state reporting unit is activated
ordeactivated in accordance with an instruction from
the base station.

The user equipment as claimed in claim 1 or 2,
wherein the radio positioning state reporting unit fur-
ther reports the positioning system, a center recep-
tion frequency of the positioning system and a re-
ception bandwidth of the positioning system to the
base station.

The user equipment as claimed in any one of claims
1 to 3, wherein upon receiving an instruction to re-
duce transmission power for the radio positioning
function from the base station, the radio communi-
cation control unit reduces the transmission power
during activation of the radio positioning function and
performs uplink carrier aggregation communication
with the base station.

The user equipment as claimed in any one of claims
1 to 4, wherein the radio communication control unit
has an autonomous transmission stop function to
stop, if uplink resources are assigned in multiple
component carriers, uplink transmission for a sec-
ondary cell during transmission of an emergency
call, and the radio communication control unit acti-
vates the autonomous transmission stop function in
accordance with an activation permission from the
base station.

A base station having an uplink carrier aggregation
function, comprising:

a radio communication control unit configured
to control radio communication with user equip-
ment; and

aradio positioning report control unit configured
to control a radio positioning report function for
the user equipment to report activation or deac-
tivation of a radio positioning function based on
radio signals received from a positioning sys-
tem,

wherein when a frequency band resulting in in-
terference with a radio signal from the position-
ing system in uplink carrier aggregation is con-
figured for the user equipment, the radio posi-
tioning report control unit causes the user equip-
ment to activate the radio positioning report
function.

The base station as claimed in claim 6, wherein when
the uplink carrier aggregation configured for the user
equipment is deleted or the configured frequency
band resultingin the interference is deleted, the radio
positioning report control unit causes the user equip-
ment to deactivate the radio positioning report func-
tion.
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The base station as claimed in claim 6 or 7, wherein
upon receiving an activation report of the radio po-
sitioning function from the user equipment, the radio
communication control unit controls radio communi-
cation with the user equipment to avoid the interfer-
ence.

The base station as claimed in any one of claims 6
to 8, wherein the radio communication control unit
indicates transmission power to be reduced by the
user equipment under a case where uplink data is
transmitted in more than or equal to a certain number
of resource blocks during activation of the radio po-
sitioning function.

The base station as claimed in any one of claims 6
to 9, wherein if uplink resources are assigned in mul-
tiple component carriers, the radio positioning report
control unit permits activation of an autonomous
transmission stop function for the user equipment to
stop uplink transmission for a secondary cell during
transmission of an emergency call.

An uplink carrier aggregation communication meth-
od between user equipment and abase station, com-
prising:

configuring, by the base station, a frequency
band resulting in interference with a radio signal
from a positioning system in uplink carrier ag-
gregation;

causing, by the base station, the user equipment
to activate a radio positioning report function to
report activation or deactivation of a radio posi-
tioning function based on aradio signal received
from the positioning system;

reporting, by the user equipment, activation of
theradio positioning function to the base station;
and

controlling, by the base station, radio communi-
cation with the user equipment to avoid the in-
terference.

User equipment having an uplink carrier aggregation
function, comprising:

a radio communication control unit configured
to control radio communication with a base sta-
tion; and

an interfered system information reporting unit
configured to report system information on an
interfered system incurring interference due to
uplink carrier aggregation to the base station.

The user equipment as claimed in claim 12, wherein
the system information includes a center frequency
and a reception bandwidth of the interfered system.
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14. User equipmenthaving an uplink carrier aggregation
function, comprising:

a radio communication control unit configured

to control radio communication with a base sta- %
tion; and

an interference cause indication unit configured

to indicate an uplink interference cause to the

base station.
10

15. The user equipment as claimed in claim 14, wherein
the uplink interference cause is inter-modulation dis-
tortion caused by uplink carrier aggregation or a har-

monic of single-carrier uplink transmission.
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FIG.7

InDeviceCoexIndication message

-~ ASN1START

inDeviceCoexIndication-rll

’
criticalExtensionsFuture

}

InDeviceCoexIndication~rll-IEs ::=
affectedCarrierFregqList~rll
tdm-~Assistancelnfo-rll
lateNonCriticalExtension

nonCriticalExtension
}

InDeviceCoexIndication-vllxy-IEs 1:=
gNSS-Info~rll
nonriticalExtension

}

-jAffectedCarrierFreqg-rll ::= SEQUENCE {
carrierFreg-ril
interferenceDirection-ril

}

TDM~AssistanceInfo-~rll
drx-AssistanceInfo-rll
drx-~Cyclelength-rll

CHOICE {

drx-Offset-rll
drx-~ActiveTime-rll

b
idc~SubframePatternlist-rll

}

IbC~SubframePattern-ril

IDC-SubframePattern-rll ::= CHOICE {
subframePatternFDD-x11l
subframePatternTDD-rll

subframeConfig0-ril

subframeConfigl=-5-ril

subframeConfig6-ril
1,

s ue

}

GNSS~-Info-rll ::= SEQUENCE {
gNSS-ReceiverActivation~-rll
gNSS-Type~rll
recvFreg-rll
channelBW-rll

}

-- ASN1STOP

InDeviceCoexIndication~ril ::= SEQUENCE {
criticalExtensions CHOICE {
cl CHOICE {

spare3 NULL, spare2 NULL, sparel NULL

SEQUENCE {

OPTIONAL,

AffectedCarrierFreqlList-rll ::= SEQUENCE (SIZE (l..maxFreqiIDC-rll)) OF AffectedCarrierFreg-rll

MeasObjectId,
ENUMERATED {eutra,

IDC~SubframePatternList-rll ::= SEQUENCE (SIZE (l..maxSubframePatternIDC-ril)} OF

InDeviceCoexIndication-rli~IEs,

SEQUENCE {}

AffectedCarrierFreqlList -rll OPTIONAL,
TDM~Assistancelnfo-rll OPTIONAL,

OCTET STRING (CONTARINING InDeviceCoexIndication-vllxy-IEs)

SEQUENCE {}~ OPTIONAL
SEQUENRCE {

GNSS~Info-rll OPTIONAL, -- Cond GNSS]
SEQUENCE {} OPTIOKAL

other, both, sparel}

SEQUENCE {
ENUMERATED {sf40, sf64, s£80, sf128, sflé0,
sf256, spare2, sparel},
INTEGER {D..255) OPTIONAL,
ENUMERATED {sf20, s£30, sf40, s£60, sf80,

sf100, spare2, sparel}

IDC~SubframePatternList-ril,

BIT STRING (SIZE (4)).
CHOICE {
BIT STRING (SIZE (70)),
BIT STRING (S8I2E (1)},
BIT STRING (SIZE (60))}

BOOLEAN,

ENUMERATED {gps, galileo, glonass, spare},
INTEGER (0..2000), .
INTEGER {0..100},

GNSS-Info

Indicates whether GNSS receiver is furmed on/off and GNSS type (e.g., GPS, Galileo, efc.), receiver center frequency

{MHz) and channel bandwidth (MHz).
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FIG.9

PhysicalConfigDedicated information efement

—— ASNISTART
PhysicalConfi gDedicated ::= SEQUENCE {
pdsch~ConfigDedicated PDSCH~ConfigDedicated OPTIONAL, —- Need ON
pucch~ConfigDedicated PUCCH~ConfigDedicated OPTIONAL, -~ Need ON
pusch—~ConfigDedicated PUSCH~ConfigDedicated OPTIONAL, ~- Need ON
uplinkPowerControlDedicated UplinkPowerControlDedicated OPTIONAL, ~- Need ON
tpc-PDCCH~ConfigPUCCH TPC~-PDCCH~Config OPTIONAL, -- Need ON
tpc-PDCCH-ConfigPUSCH TPC~PDCCH~-Config OPTIONAL, -~ Need ON
cgi-ReportConfig CQI~ReportConfig OPTIONAL, -~- Cond
CQI-r8
soundingRS~-UL-ConfigDedicated SoundingRS~UL~ConfigDedicated OPTIONAL, -- Need ON
antennalnfo CHOICE {
explicitValue AntennalnfobDedicated,
defaultValue NULL
} OPTIONAL, -~ Cond AI-r8
schedulingRequestConfig SchedulingRequestConfig OPTIONAL, -~ Need ON
[[ ’ cgi~ReportConfig-v920 CQI~ReportConfig~v320 OPTIONAL, ~- Cond
CQI-r8
antennalnfo-v320 AntennalnfoDedicated -v320 OPTIONAL —- Cond AI-x8
1] ——————
--_.__[_L'_:a_n_tenna1nfo-r10 CH .
—
~——— /
eimta
cgi-ReportConfigPCell~v12x0 CQI~ReportConfig-v12x0 OPTIONAL, -— Need ON
uplinkPowerControlDedicated~v12x0  UplinkPowerControlDedicated-vl2x0  OPTIONAL, —= Need
ON
pusch~ConfigDedicated-v12x0 PUSCH~ConfigDedicated~vi2x0 OPTIONAL, ~~ Cond TwoSetsUL
csi-RS-Config2-rl12 CSI-RS-Config2-rl2 CPTICNAL -- Need OR
13 ’
[[ additionalSpectrumEmissionCA2-rl2 CHOICE {
release NULL,
setup SEQUENCE {
additionalopectrunEmissioneiell2-ri2 AdditionalSpectrumEmission
}
¥ OPTIONAL -~ Need ON
1]
}
PhysicalConfigDedicatedSCell-r1Q ::= SEQUENCE {
~- DL configuration as well as configuration applicable for DL and UL
nonUL-Configuration-rl0 SEQUENCE {
antennalInfo~rl0 AntennalnfoDedicated-rl0 OPTIONAL, ~- Need ON
crossCarrierSchedulingConfig-ril0 CrossCarrierSchedulingConfig~rl0 OPTIONAL, -—
Need ON
csi~RS-Config~rl0 CSI~RS—-Config~-zrl0 -~ Need ON
.-\
— \.
[ — T-RS-Config2-rl2 OPTIONAL -- Need OR
1]
}
CSI-RS~ConfigNZPToAddModList -rll ::= SEQUENCE (SIZE (1..maxCSI~-RS-NZP-rll)) OF CSFRS~ConfigNZP-rli
CSI-RS-ConfigNZPToReleaselist ~rll ::= SEQUENCE (SIZE (1..maxCSI -~RS~NZP-rll)) OF
CSI~RS-ConfigNZPId~xll
CSI-RS-ConfigZPToAddModList ~x1l ::= SEQUENCE (SIZE {1..maxCSI -RS~ZP-rll)) OF CSI-RS-ConfigZP-rll
CSI-RS~ConfigZPToReleaselist ~rll ::= SEQUENCE (SIZE (1. .maxCSI~-RS-2P-rll)) OF CSFRS-ConfigZPId-rll
-~ ASN1STOP

additionalSpectrumEmissionPCell 2

The UE requirements related to iE AdditionalSpectrumEmissionPCell for GNSS receiver protection are defined in TS
36.101 {42). EUTRAN does not configure AdditionalSpsctrumEmissionPCef! if there are no other serving cells configured.
This value is valid while the GNSS receiver is turned on. Otherwise, the UE shall apply the value received in the IE
AdditionalSpectrumEmissionPCell.
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FIG.10

RadioResourceConfigCommon information element

-- ASN1START

RadioResourceConfigCommonSIB ::=
rach-ConfigCommon
beeh-Config
pcch-Config
prach-Config
pdsch-ConfigCommon
pusch=ConfigCommon
pucch~ConfigCommon
soundingRS~UL-ConfigCommon
uplinkPowerControlCommon
ul-CyclicPrefixLength

SEQUENCE {
RACH~ConfigCommon,

BCCH~Config,

PCCE-Config,
PRACH-ConfigSIB,
PDSCH-ConfigCommon,
PUSCH~ConfigCommon,
PUCCR~ConfigCommon,
SoundingRS~UL~ConfigCommon,
UplinkPowerControlCommon,
UL-CyclicPrefixLength,

{L ’uplinkPowerControlCommon—v1020 UplinkPowerControlCommon~v1020 OPTIONAL -- Need OR

11,

[[ rach-ConfigCommon-vli2xy RACH-ConfigCommon-vi2xy OPTIONAL -- Need OR

1]

}
RadioResourceConfigCommon T SEQUENCE (

rach-ConfigCommon RACH~ConfigCommon OPTIONAL, -~ Need ON

prach-Config PRACH-Config,

. pdsch-ConfigCommon PDSCH-Confi —e—lead ON
- —
e M OPTIONAL, ~- Need CP
uplinkPowerControlCommonSCell-r10 UplinkPowerControlComnmonSCell-rl0,
-- B special version of IE UplinkPowerContrclCommon may be introduced
-- 3: Physical configuration, control
soundingRS~UL-ConfigCommon-rl0 SoundingRS~-UL~ConfigCommon,
ul-CyclicPrefixlLength-rl0 UL-CyclicPrefixLength,
-- 4: Physical configuration, physical channels
prach~ConfigSCell~-rl0 PRACH-ConfigSCell-rl0 OPTIONAL, -- Cond
TDD-OR-NoR11
pusch~ConfigCommon-rl0Q PUSCH~ConfigCommon

} OPTIONAL, -~ Need OR

[l ul-CarrierFreq-v1090 ARFCN-ValueEUTRA-vSel OPTIONAL ~- Need OP

11,

{{ rach-ConfigCommonSCell~-ril RACH-ConfigCommonSCell=-rll OPTIONAL, -- Cond UL
prach-ConfigSCell-ril PRACH-Config OPTIONAL, -- Cond UL
tdd-Config~-v1130 ToD-Config-v1130 OPTIONAL, - Cond TDD2
uplinkPowerControlCommonSCell-vi130

UplinkPowerControlCommonSCell~v1130 OPTIONAL ~- Cond UL

11,

{{ additionalSpectrumEmissionSCell2-ri12 AdditionalSpectrumEmission OPTIONAL -- Need OR

1]

}

BCCH-Config ::=
modificationPeriodCoeff

SEQUENCE {
ENUMERATED {n2, n4, nB, nlé)
}

PCCH-Config ::= SEQUENCE {
defaultPagingCycle ENUMERATED {
r£32, rf64, r£i28, rf£2s56},
nB ENUMERATED {

fourT, twoT, oneT, half?, quarter?, oneEighthT,
oneSixteenthT, oneThirtySecondT}

}

Ul-CyclicPrefixLength

-
=

ENUMERATED {lenl, len2}

~-- ASN1STOP

additionalSpectrumEmissionSCell2 .

The UE requirements related to IE AdditionalSpectrumEmissionSCell for GNSS receiver protection are defined in TS
36.101 [42]. This value is valid while the GNSS receiver is turned on. Otherwise, the UE shall apply the value received in
the IE AdditionalSpectrumEmission SCell.
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FIG.13

I1OOA

[110A

RADIO COMMUNICATION
CONTROL UNIT
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INTERFERED SYSTEM
INFORMATION
REPORTING UNIT
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FIG.14

InDevice Coexindication message

-~ ASN1START
InDeviceCoexIndication-rll ::= SEQUENCE {
criticalExtensions CHOICE {

cl CHOICE {
s s : s \
— . inDeviceCoexIndication —rM
T rrrew— edCarrierFreqlist -rll OPTIONAL,

tdm-Assistancelnfo~rll TDM~AssistanceInfo-rll OPTIONAL,
lateNonCriticalExtension OCTET STRING OPTIONAL,
nonCriticalExtension InDeviceCoexIndication -v1lxy-IEs-SEQUENCE~f}
OPTIONAL

}

InDeviceCoexIndication~vllxy-IEs ::= SEQUENCE {
victimSystemInfo-rll VictimSystemiInfo-ril OPTIONAL, -- Cond ULCA
nonCriticalExtension SEQUENCE {} OPTIONAL

X
AffectedCarrierFregList-rll ::= SEQUENCE (SIZE (1..maxFreqIDC-rll)) OF AffectedCarrierFreq-ril

AffectedCarrierFreg~rll ::= SEQUENCE {
carrierFreq-xll MeasObjectld,
interferenceDirection-rll ENUMERATED {eutra, other, both, spare}

TDM~AssistanceInfo~rll ::= CHOICE {
drx-Assistancelnfo~rll SEQUENCE {
—————— ]

~ s\drx-_CycleLength—rll
—
T—— /

IDC-SubframePattern-xll ::= CHOICE {
subframePatternFDD-rll BIT STRING (SIZ2E {4)},
subframePatternTDD-rll CHOICE {

subframeConfigl~-rll BIT STRING (SIZE (70}),
subframeConfigl-5-rll BIT STRING (SIZE (10)),
subframeConfigb~rll BIT STRING (SIZE (60))

by

.en

victimSystemInfo-rll ::= ' SEQUENCE {
recvfregq-rll
channelBW-rll

INTEGER {0..6000)
INTEGER (0..1000),

}

—- ASN1STOP

VictimSysteminfo '
indicates the receiver center frequency (MHz) and channel bandwidth (MHz) of the victim system due to IMD of UL CA.

itional xplanatio

The field is mandatory present if idc-ForULCA is set to TRUE in the OtherConfig IE.

ULCA
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FIG.15

OtherConfig information element

-~ ASN1START
CtherConfig-r9 ::= SEQUENCE {
reportProximityConfig~r9 ReportProximityConfig~r9 OPTIONAL, ~- Need ON
ceer
[[ idc~Config-rill IDC-Config-rill QPTIONAL, ~~ Need ON
powerPrefIndicationConfig~ril PowerPrefindicationConfig-rill OPTIONAL, ~-- Need ON
obtainLocationConfig-rll ObtainLocationConfig~rll OPTIONAL ~~ Need ON
1}
}
IDC-Config-rll ::= SEQUENCE {
idc-Indication~rll ENUMERATED {setup} OPTIONAL, ~= Need OR
autonomousDenialParameters-rll SEQUENCE {
autonomousDenialSubframes-ril ENUMERATED {n2, n5, nl0, nl5,
n20, n30, spare2, sparel}.,
autonomousDenialValidity~-rlil ENUMERATED {
sf200, sf300, s£f1000, s£2000,
spared4, spare3, spare2, sparel}
} OPTIONAL, ~- Need OR ’
—
[[ _ idc-ForUiCA-rll BOOLEAN
—11
}
ObtainLocationConfig-rll ::= SEQUENCE {
obtainLocation-ril ENUMERATED {setup} OPTIONAL -- Need OR

}

PowerPrefIindicationConfig-rll ::= CHOICE({

release NULL,
setup SEQUENCE {
powerPrefiIndicationTimer-r11 ENUMERATED {sD, sOdotb, sl, s2, s5, sl10, s20,

830, s60, 830, s120, s300, s600, spare3,
spare2, sparel}

}

ReportProximityConfig-r9 ::= SEQUENCE {

proximityindicationEUTRA-rS ENUMERATED {enabled} OPTIONAL, -= Need OR
proximityindicationUTRA-r9 ENUMERATED {enabled} OPTIONAL -- Need OR
}
-= ASN1STOP
ide-ForULCA

The field is used to indicate whether the UE is configured to initiate transmission of the InDeviceCoexindication message
to the network when UL CA is configured.

27



EP 3 217 702 A1

FIG.16
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FIG.17

InDeviceCoexlIndication message

=~ ASNI1START

InDeviceCoexIndication~rll ::= SEQUENCE {

criticalExtensions CBOICE { - ———
ol g‘_____‘——————-—'———'”——“'”*

T Ak_________r__—————"“"—'_——ﬁ7 T —

affectedCarrierFreglist-rll BffectedCarrierFreqlist-rlil OPTIONAL,
tdm-AssistanceInfo-rll TDM~RAssistanceInfo-rll OPTIONAL,
lateNonCriticalExtension OCTET STRING OPTIONAL,
nonCriticalExtension InDeviceCoexIndication-vlixy~IESSEQUENCE~{}
OPTIONAL

}

InDeviceCoexindication-vilxy=IFEs ::= SEQUENCE {
fdm-AssistanceInfo-rll FDM-AssistanceInfo-rll OPTIONAL,
interferenceCauseUL-rll ENUMERATED {imd, harmonics, spare2, sparel} OPTIONAL,
nonCriticalExtension SEQUENCE {} OPTIONAL

X
AffectedCarrierFreqList-rll ::= SEQUENCE (SIZE (l..maxFreqIDC-rll})) OF AffectedCarrierFreq-rli

AffectedCarrierfreq~ril ::= SEQUENCE {

carrierFreg-rll MeasObjectld,
interferenceDirection-~r1l  ENUMERATED {eutra, other, both, spare}
}
TDM-AssistanceInfo-rll ::= CHOICE {
drx—-AssistancelInfo~-rll SEQUENCE {
drx-Cyclelength-rll ENUMERATED {sf40, sf64, sf80, s£12B, sflé&0,
sf£256, sparel2sf20-vilxy, sparel},
drx-Of fset-rl1l INTEGER (0..255) OPTIONAL,
drx-ActiveTime~rll ENUMERATED {sf20, s£30, 5f40, s£60, sf80,
sf100, sperelsfiO-vllxv, sparell
br
idc-SubframePatternList—zll’ IDC-SubframePatternlist-ril,

.o e —“\
.k /
1A% E R o ———
—_— - BITSTRING (SIZE (10)),

subframeConfigb-rll BIT STRING (SIZE (60))

e

“e e

}
FDM-AssistanceInfo-ril ::= SEQUENCE {

victinSystemInfo-rll ENUMERATED {¢ps, glonass, bds, galileo, wlan,
bluetooth, spare2, sparel}l,
victimCarrierFreq-rll INTEGER (1..6000) OPTIONAL,
victimChannelBandwidth~r1l INTEGER (3..200) OPTIONAL
1
~=- ASN1STOP
in

Indicates the root cause of IDC interference from E-UTRA to ancther radio. Value imd indicates that IDC interference
causes due to Inter-Modulation Distortion of simultaneous transmission of multiple E-UTRA carriers. Value hanmonics
indicates that IDC interference causes due fo harmonics of an E-UTRA single carrier fransmision. The other radio
refers 1o either the ISM radio or GNSS {see 3GPP TR 36.816 [63]). The UE includes this field only if the
affectedCarrierFreglist includes multiple E-UTRA carrier freguencies whose inferferenceDirection is set to other or
both,
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